Forty-two consecutive patients with leptospirosis and acute lung injury who were mechanically ventilated were analyzed in a prospective cohort study. Nineteen patients (45%) survived, and 23 (55%) died. Multivariate analysis revealed that 3 variables were independently associated with mortality: hemodynamic disturbance (odds ratio [OR], 6.0; 95% confidence interval [CI], 0.9-38.8; ), serum creatinine level 1265.2 mmol/L (OR, 10.6; 95% CI, 0.9-123.7; P = .047 ), and serum potassium level 14.0 mmol/L (OR, 19.9; 95% CI, 1.2-342.8;
Forty-two consecutive patients with leptospirosis and acute lung injury who were mechanically ventilated were analyzed in a prospective cohort study. Nineteen patients (45%) survived, and 23 (55%) died. Multivariate analysis revealed that 3 variables were independently associated with mortality: hemodynamic disturbance (odds ratio ). P = .026 P = .009 These observations can be used to identify factors associated with mortality early in the course of severe respiratory failure in leptospirosis.
Leptospirosis is a zoonosis that causes a wide spectrum of clinical manifestations in humans [1] [2] [3] . Deaths are usually associated with severe jaundice, oliguric renal failure, and hemorrhage manifestations [4] [5] [6] [7] . A recent study described an outbreak of leptospirosis with cases of pulmonary hemorrhage in Central America [3] . The objective of this study was to identify factors associated with mortality in patients with acute lung injury due to leptospirosis.
Patients and Methods
Consecutive previously healthy patients with a diagnosis of leptospirosis and acute lung injury who were admitted to an intensive care unit (ICU) between January 1994 and December 1997 were included in a prospective cohort study. Patients presenting with progressive respiratory failure who were mechanically ventilated were included (patients treated only via a face mask were not included). Leptospirosis was confirmed when Leptospira species were isolated from blood or there was a у4-fold rise in the microagglutination titer [1] . Other diseases causing bleeding were ruled out by serological testing and blood cultures.
At the time of admission to the ICU, specimens for laboratory studies were obtained and the severity of illness score [8] and involvement of the lungs [9, 10] were determined. Hemodynamic disturbance (shock) was present when vasoactive drugs were needed to maintain an arterial blood pressure of у80 mm Hg after fluid replacement therapy. Penicillin or ampicillin treatment was admin-istered for 5-7 days. The patients were observed until they fully recovered and were discharged from the hospital or until death.
Results are expressed as or as percentages when means ‫ע‬ SD appropriate. The Mann-Whitney-Wilcoxon test was used. Variables that showed a statistically significant difference ( ) were P ! .05 categorized in 2 groups. Statistical significance was evaluated by means of the likelihood ratio. Variables that showed a statistically significant association were tested by multivariate analysis. The prediction of death was then calculated for these variables, which remained in the final model.
Results
During the study period, 690 patients were hospitalized with leptospirosis (559 [81%] were male; mean , age ‫ע‬ SD 32.3 ‫ע‬ years); 42 of these patients were transferred to the ICU 14 because of severe respiratory failure and were mechanically ventilated. These patients were older than those without lung injury ( ), and most of them were male (male-to-female ratio, P ! .001 7 : 1).
The patients' serum samples reacted most strongly with the following Leptospira interrogans serovars: icterohaemorrhagiae, 17 (40.5%); copenhageni, 13 (31.0%); autumnalis, 4 (9.5%); hebdomadis, 4 (9.5%); cynopteri, 2 (4.7%); pomona, 1 (2.4%); and grippotyphosa, 1 (2.4%).
Fresh blood specimens were aspirated from endotracheal tubes in all patients after intubation. Bleeding in other organs was not life-threatening (gastric bleeding, 5 patients; subconjunctival hemorrhage, 3; urethral bleeding, 2; petechial hemorrhages in the skin, 2; and pleural bleeding, 1). Two patients had hyperkalemia without electrocardiographically evident abnormalities. All but 2 deaths were attributed to multiple organ Table 1 shows the frequency of and OR for death according to the variables that showed a statistically significant difference.
Only 3 factors were found to be independently associated with mortality (table 2). The probability of death associated with these factors was then calculated: for hemodynamic disturbance, it was 70% (95% CI, 50.4%-84.6%); for serum creatinine level 1265.2 mmol/L, it was 66.7% (95% CI, 48.1%-81.4%); and for serum potassium level 14.0 mmol/L, it was 92.3% (95% CI, 62.1%-99.6%).
Discussion
All patients in this study had the severe form of leptospirosis with pulmonary hemorrhage and were older than those without severe lung injury. They were treated with a volume-cycled mechanical ventilator in the assist-control mode with increasing levels of positive end-expiratory pressure and FiO 2 to improve arterial oxygenation. Intravenous fluid overload was avoided.
The hemodynamic profile for these patients is similar to that observed in septic shock. An endotoxin-like substance is present in the cell wall of leptospires, which could induce synthesis of cytokines and may contribute to their pathogenicity, as well as to hemodynamic disturbance [2, 11] . It has recently been reported that circulating TNF-a levels are correlated with renal failure, lung injury, and hemorrhage manifestations [2, 11] .
The higher serum potassium levels observed in nonsurvivors may have been provoked by more severe renal dysfunction, metabolic derangement, or rhabdomyolysis. An association between the creatine phosphokinase level and the maximum serum creatinine level observed in these patients ( ; Fisher-P = .03 Freeman-Halton test) could suggest that rhabdomyolysis may contribute to renal failure and the higher serum potassium levels in the nonsurvivors.
In conclusion, these observations can be used to identify factors associated with mortality early in the course of severe respiratory failure in leptospirosis.
